Results on thermodiffusion of poly͑ethylene oxide͒ and colloidal boehmite (␥-AlOOH͒ rods in ethanol/water mixtures are presented. Data were obtained using thermal diffusion forced Rayleigh scattering. The sign of the Soret coefficient of the boehmite rods changes from positive to negative with increasing water content, i.e., at sufficiently high water content the colloidal particles move to higher temperatures. The sign of the Soret coefficient of the poly͑ethylene oxide͒ in ethanol/water mixtures is negative, i.e., the poly͑ethylene oxide͒ molecules move to higher temperatures, whereas in pure water the sign is positive. To our knowledge this is the first time that a sign change has been observed for polymers in solution. The analysis of the static light scattering on poly͑ethylene oxide͒ allows the determination of the preferentially solvating solvent. In the investigated concentration range the preferentially solvating solvent is ethanol, in spite of being the poorer solvent for poly͑ethylene oxide͒.
I. INTRODUCTION
Thermal diffusion or the Ludwig-Soret effect is the transport of mass due to a temperature gradient. In polymer solutions and colloidal suspensions partial demixing may occur, as the heavy polymer molecules or the colloids migrate to lower temperatures. In equilibrium the two oppositely directed fluxes due to thermal and ordinary diffusion cancel. The magnitude of the Ludwig-Soret effect is characterized by the Soret coefficient S T . Although a generally accepted theoretical framework for the Ludwig-Soret effect in fluids is still lacking, there is some qualitative understanding of the underlying principles. In particular, it was shown for colloidal suspensions that thermal diffusion strongly depends on the composition of the solute-solvent interface. 1 Additional effects may arise when considering polymers or colloids in a mixture of solvents subjected to a temperature gradient. Due to thermal diffusion, a solvent composition gradient may build up. If the polymer under consideration has a different affinity for the different solvents, the polymer molecules will experience an affinity gradient in addition to the temperature gradient. Rue and Schimpf 2 studied polystyrene in mixtures of good and bad solvents. They indeed found an enhanced S T if the better solvent moved to the cold wall, and a diminished S T in the opposite case. Van Asten et al. 3 studied thermal diffusion of polystyrene in mixtures of the good solvent tetrahydrofuran and the thetasolvent cyclohexane. They found that the Soret coefficient was largely unaffected by the addition of cyclohexane. This was explained by preferential solvation of the polystyrene molecules by tetrahydrofuran independent of the bulk solvent composition. Therefore, the solute-solvent interface does not depend on the latter, and the thermodiffusive behavior does not change either.
When investigating thermal diffusion of rodlike boehmite colloids (␥-AlOOH͒ in ethanol/water mixtures, we observed the unusual phenomenon of colloids moving to higher temperatures, which is the opposite of what is usually found. By convention, the sign of the flux due to thermodiffusion is positive when the corresponding compound is moving to lower temperatures. 4 As this system suffered from a number of disadvantages ͑see Sec. III A 2͒, we looked for a simpler polymeric system, and discovered that poly͑ethylene oxide͒ in ethanol/water mixtures showed the same effect. Negative thermodiffusion of polymers was also observed by Giglio and Vendramini, in the system poly͑vinyl alcohol͒/water. 5 As for colloids it was observed in magnetic fluids by Turek et al. 6 In liquid mixtures such as ethanol/water, a sign change of the Soret coefficient has also been observed. 7 Our data were measured using a transient holographic grating technique called thermal diffusion forced Rayleigh scattering ͑TDFRS͒. Since its development in the late seventies 8, 9 TDFRS has established itself as a sensitive tool to study thermal as well as ordinary diffusion, and was applied successfully to solvent mixtures 10 and polymers in solution. 11 The principle of TDFRS is analogous to ordinary forced Rayleigh scattering: an intensity grating is created by the interference of two laser beams. By adding a small amount of absorbing dye to the sample, the intensity grating is converted into a temperature grating, which is in turn converted into a composition grating by the effect of thermal diffusion. Both the temperature and the composition grating contribute to a refractive index grating, which is read by an additional laser beam. The advantage of TDFRS lies in its high sensitivity and the small temperature differences that occur ͑of the order of K), thereby avoiding convection and allowing a theoretical description of the experiment using linear irreversible thermodynamics, which is presented in the next section. The rest of the paper is organized as follows:
The experiment section contains information about sample preparation, the setup used for thermal diffusion forced Rayleigh scattering, the determination of refractive index and refractive index increments, and data analysis. Finally, we present and discuss data from a systematic study of the thermodiffusive behavior of poly͑ethylene oxide͒ in ethanol/water as a function of solvent composition. Representative data of the more complicated system boehmite/ ethanol /water are also presented.
II. THEORY
In this section we will review the equations underlying the TDFRS experiment. For a thorough mathematical derivation we refer to Köhler. 12 The following convention will be adopted: Species ''0'' denotes polymer, ''1'' denotes water, and ''2'' ethanol. For polymer one may also read colloid.
In principle there are three processes that have to be taken into account. First there is the diffusion of heat, which in our experiment occurs on a time scale of the order of 10 Ϫ4 s. Second, in a ternary system consisting of a polymer in a mixture of solvents two different diffusive processes are expected to occur, opposing thermal diffusion. Only in the absence of cross diffusion, that is, the occurrence of a flux of the one component engendered by the concentration gradient of one of the other components, these two diffusive fluxes can be interpreted as the diffusion of polymer molecules and, on a much shorter time scale, the diffusion of solvent molecules. In our experiment we cannot exclude cross diffusion. In fact, the affinity gradient diffusion of Rue and Schimpf 2 and the concept of diffusion of a polymer with preferentially solvating solvent shell of Van Asten et al. 3 are two examples of cross-diffusive processes. On the other hand, in our experiments only one diffusive process is seen, on a time scale of the order of 10 Ϫ1 s, coinciding with the time scale on which polymer diffusion is expected to occur. Therefore, in this paper we will interpret this process as such. For a thorough discussion of diffusion in multicomponent mixtures we refer to the book by Cussler. 13 The fact that we only observe one diffusive process may be explained by TDFRS experiments on plain ethanol/water mixtures which have shown us that the contribution of solvent thermal diffusion to the TDFRS signal is negligible in the investigated concentration range ͑see Sec. IV A͒.
Thermal diffusion in multicomponent mixtures is discussed in the Appendix. It is shown that a ternary system can be described using three different thermal diffusion coefficients, two of which play a role when describing polymer thermal diffusion. Each of these two accounts for the thermal diffusion of the polymer against one of the two solvents. In this paper we will not try to separate the total signal into two contributions, and employ one single thermal diffusion coefficient instead.
Starting point is therefore the one-dimensional diffusion equation for the diffusion of polymer molecules in the limit of low concentrations, in the presence of a temperature gradient
where c 0 (x,t) denotes the local concentration of the polymer and c 0 its average concentration, T the temperature, D the ordinary diffusion constant of the polymer, and D T its thermal diffusion constant. A sinusoidal temperature gradient is assumed
where ⌬T denotes the amplitude of the grating and q the wave vector. (t) denotes Heaviside's unit step function. Equation ͑1͒ can now be solved, the result being as follows:
Usually the heterodyne TDFRS signal is studied, due to its higher sensitivity and its robustness against perturbations and experimental imperfections. 12 The heterodyne signal intensity het (t) is proportional to the amplitude of the refractive index grating ⌬n(T,c i ), which can be expanded to first order as
where p denotes the pressure and i the chemical potential of the ith component. Normalizing the total signal to the thermal signal and combining Eqs. ͑3͒ and ͑4͒, het (t) can now be written as
͑5͒
The quantities (‫ץ‬n/‫ץ‬T) p,c i and (‫ץ‬n/‫ץ‬c 0 ) p,T, j 0 do not follow from the TDFRS experiment and have to be determined separately. Special care must be taken with respect to the refractive index increment (‫ץ‬n/‫ץ‬c 0 ) p,T, j 0 , as it contains an extra contribution which is due to the preferential solvation of the polymer by one of the two solvents. The refractive index increment can be written as
where the second term on the right-hand side stems from preferential solvation. A composition change of the preferentially solvating solvent shell due to the imposed temperature gradient might affect (‫ץ‬n/‫ץ‬c 0 ) p,T, j 0 . However, this is a second-order effect that enters Eq. ͑4͒ as ‫ץ(‬ 2 n/‫ץ‬c 0 ‫ץ‬T)⌬c 0 ⌬T, and can therefore, in our first-order treatment, be neglected.
Preferential solvation can be studied by means of static light scattering. 14 -16 The excess Rayleigh ratio ⌬R(q) of a polymer in a single solvent can be written as
where Kϭ4 2 n solv 2 (‫ץ‬n/‫ץ‬c) T 2 /(N av 0 4 ) denotes the optical constant, with N av Avogadro's number and 0 the wavelength of the light source used. M w is the weight averaged molar mass of the polymer. R G denotes the radius of gyration of the polymer, and A 2 the second virial coefficient. When the polymer is dissolved in a binary solvent mixture, Eq. ͑7͒ can still be used, but M w and A 2 have to be replaced by their apparent values M w,app and A 2,app .
A comparison of the ''true'' molar mass, as measured in a single solvent, with the apparent molar mass, measured in a solvent mixture, gives the extra contribution to the refractive index increment due to preferentially solvating solvent
If, in addition (‫ץ‬n/‫ץ‬c 1 ) p,T,c 0 is known, the preferentially solvated solvent can be determined. The true second virial coefficient can be calculated via A 2 ϭA 2,app (M w,app /M w ).
III. EXPERIMENT
A. TDFRS
Preparation of poly(ethylene oxide) samples
Poly͑ethylene oxide͒ ͑PEO͒ was synthesized by anionic polymerization of ethylene oxide in tetrahydrofuran at 60°C. It was characterized using GPC (M n ϭ2.36 ϫ10 5 gr.mol Ϫ1 , M w ϭ2.65ϫ10 5 gr.mol Ϫ1 ). All samples contained 5.0Ϯ0.1 gr.L Ϫ1 PEO. Five different solvent mixtures were studied, the water content varying between 5% and 25% by weight. Three samples were prepared of each solvent mixture using calibrated 5 ml flasks. Demineralized water was used as well absolute ethanol ͑Riedel-de Haën, HPLC grade͒. The water content of the ethanol was 0.11% by weight ͑Karl Fisher titration͒. PEO does not dissolve very easily in ethanol/water. Therefore, closed samples were heated carefully with a heat gun, and shaken vigorously until all PEO had dissolved. Most samples were stable over a period of weeks. However, samples containing 5% wt water showed signs of flocculation after several days. The precipitated polymer could easily be redissolved by heating and shaking. Samples were filtered before use through a 0.45 m PTFE-filter ͑Millipore͒. Quartz cuvettes with a pathlength of 0.2 mm ͑Hellma͒ were used as sample cells in the holographic experiment. Spurious amounts of quinizarin ͑Sigma-Aldrich͒ were added to achieve an optical density of 1-2 cm Ϫ1 . To check the influence of solvent thermodiffusion, some plain ethanol/water mixtures were also studied. Samples were prepared as described above.
As a reference, we also studied the behavior of PEO in pure water. Samples were prepared as described previously. PEO easily dissolves in water under gentle shaking. As quinizarin is insoluble in water, basantol yellow 215 ͑BASF͒ was used as dye.
Preparation of boehmite samples
A dispersion of boehmite needles in demineralized water, coded ASBIP13, was prepared according to Buining. 17 Transmission electron microscopy yielded an average length of 251 nm ͑polydispersity: 40%͒, and an average thickness of 8 nm. This dispersion was transferred to absolute ethanol ͑Riedel-de Haën, HPLC grade͒, by azeotropic distillation. The dispersion was ultrasonicated ͑Sonorex RK514H͒ for 10 min, to completely redisperse the particles. The obtained stock contained 5.34 gr.L Ϫ1 boehmite. The dispersion was completely stable over several months. No formation of flocs or sediment was observed. Some quinizarin was added to the stock solution. Samples were then prepared as follows: a certain amount of the stock dispersion was diluted with demineralized water and absolute ethanol ͑Riedel-de Haën, HPLC grade͒ such that the boehmite concentration of the sample was 4.23 gr.L Ϫ1 . Six different solvent mixtures were studied, the water content varying between 0% and 25% by weight. Only one sample was prepared per solvent mixture. Samples were filtered before use through a 5.0 m PTFEfilter ͑Millipore͒. As sample cells the same quartz cuvettes were used as for the poly͑ethylene oxide͒ samples. The boehmite samples were always prepared the day before measurement.
After addition of quinizarin the color of the boehmite samples changes from orange to pink within several hours. This may be due to adsorption of quinizarin on the surface of the boehmite particles. Absorption spectra were measured using a Perkin Elmer Lambda 2 spectrophotometer and rectangular quartz cuvettes with a path length of 0.5 cm ͑Hellma͒. Examples are shown in Fig. 1 Compared to the absorption spectrum of quinizarin in ethanol ͑thick solid line͒ the boehmite suspensions show strong enhancement of the peak at 520 nm, and an extra peak at 561 nm. The strength of both absorption bands decreases with water content. The effect may be caused by adsorption of quinizarin at the surface of the boehmite particles.
spectrum of pure quinizarin in ethanol, the boehmite suspensions show strong enhancement of the peak at 520 nm, and an extra peak at 561 nm. The strength of both absorption bands decreases with water content. However, the requirements that the dye should fulfill ͑strong absorption at 488 nm, negligible absorption at 632.8 nm 13 ͒ are still met.
Setup and measuring protocol
The experimental setup has been described in detail elsewhere. 18 Therefore, only a brief description will be given here. The interference grating is written by an argon-ion laser ͑Spectra Physics͒, operating at a wavelength of w ϭ488 nm. The refractive index grating is read by a heliumneon laser ͑Spectra Physics͒, operating at r ϭ632.8 nm. A photomultiplier tube ͑Thorn Emi͒ measures the intensity of the diffracted laser light. The two writing beams are initially vertically polarized. A Pockels cell ͑Leysop͒ is used to rotate the polarization of one of the writing beams by 180°. This corresponds to a phase shift of the refractive index grating of 180°. Compared to switching the grating on and off, this procedure has the advantage of stronger contrast and hence stronger signal intensity.
To separate the heterodyne from the homodyne signal, we proceed as follows: Using a mirror, mounted on a piezo translator ͑Piezo Systeme Jena͒, the phase of the interference grating is shifted by 180 deg. Subtraction of the two phaseshifted signals gives the pure heterodyne signal. The piezo mirror can also be used for the phase stabilization of the interference grating.
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As quinizarin is not bleached, the experiment can be repeated until the desired signal quality is reached. In the case of the poly͑ethylene oxide͒ samples 2000 measurements were averaged. The intensity of the argon laser beams just before hitting the sample was about 30 mW. As for the boehmite samples, 1000 measurements were averaged at 45 mW laser power. Lower laser light intensities give the same results. All measurements were performed at room temperature, at a wave vector of 4.6ϫ10 5 m Ϫ1 . Figure 2 shows typical decaying and increasing diffraction signals of TDFRS measurements. The measurement starts at tϭ0. At tϭtЈ the phase of the interference grating is shifted over 180°. The data F(t) can be represented by the following expression:
B. Data analysis
where (t) denotes Heaviside's unit step function. F 1 and F 2 are some functions representing the data. F 1 and F 2 are then subtracted as follows:
As the solute is usually polydisperse, the result is fitted to a second-order cumulant expansion yϭa 0 ϩa 1 exp͑Ϫa 2 tϪa 3 t 2 ͒. ͑11͒ S T and D can then be determined from the fitted parameters as follows:
This procedure avoids the use of step functions during fitting.
C. Contrast factors
The temperature derivative of the refractive index (‫ץ‬n/‫ץ‬T) p,c j was determined at 632.8 nm, in the temperature range 293-298 K, using a scanning Michelson interferometer.
19 Figure 3͑a͒ shows (‫ץ‬n/‫ץ‬T) p,c j of the poly͑ethylene oxide͒ samples as a function of solvent composition. The temperature derivative of the refractive index of boehmite in pure ethanol was measured as well. It was found that (‫ץ‬n/‫ץ‬T) p,c j ϭ4.05ϫ10 Ϫ4 K Ϫ1 .
Refractive index increments (‫ץ‬n/‫ץ‬c 0 ) p,T,c j 0 were measured at room temperature with our own setup 19 also operating at 632.8 nm. Samples were prepared as described previously. Figure 3͑b͒ shows (‫ץ‬n/‫ץ‬c 0 ) p,T,c j 0 of the poly͑ethylene oxide͒ samples as a function of solvent composition. It is seen that (‫ץ‬n/‫ץ‬c 0 ) p,T,c j 0 does not depend strongly on solvent composition. The refractive index increment of boehmite in pure ethanol was measured as well. It was found that (‫ץ‬n/‫ץ‬c 0 ) p,T ϭ0.1004 ml.gr Ϫ1 . The refractive index n of solutions, containing 5 gr.L Ϫ1 poly͑ethylene oxide͒ and varying water content, were measured using an Abbé refractometer ͑Atago-Kübler͒ operating at 589 nm and 293 K. The temperature was kept constant to within 0.1 K. Samples were prepared as described previously. Figure 3͑c͒ (‫ץ‬n/‫ץ‬c 0 ) p,T, j 0 can be neglected. This was used to measure the true molar mass of our poly͑ethylene oxide͒.
D. Static light scattering
Poly͑ethylene oxide͒ samples for static light scattering were prepared as described previously. Cylindrical quartz cuvettes with a diameter of 20 mm ͑Hellma͒ were used as sample cells. All cuvettes were made dustfree by rinsing them with freshly distilled acetone for at least 15 min using an acetone fountain. Static light scattering measurements were carried out using an ALV 5000E instrument. All measurements were performed at room temperature using a Krypton laser ͑Spectra Physics͒ of wavelength 0 in vacuum equal to 647.1 nm at 150 mW output. Data were taken every 5°ranging from 30°-150°. Data were corrected for solvent background and converted into Rayleigh ratios as follows:
where I solution , I solv , and I ref denote the scattered intensities of solution, solvent, and reference respectively. n solv and n ref denote the refractive index of solvent and reference. Toluene was used as a reference, the Rayleigh ratio of which was taken to be 1.27ϫ10 Ϫ5 cm Ϫ1 . Figure 4 shows a typical result of a TDFRS experiment on an ethanol/water mixture. The slow contribution due to thermal diffusion is small compared to the fast contribution due to temperature, about 1% of the total signal. Therefore, the assumption that the contribution of solvent thermal diffusion to the total heterodyne signal is negligible, made in deriving Eq. ͑5͒, is justified. In a study of the thermal lens effect in ethanol-water mixtures, Arnaud and Georges arrived at the same conclusion. 20 However, at mass fractions of water higher than 25% the neglect of solvent thermal diffusion is no longer justified.
IV. RESULTS AND DISCUSSION

A. EthanolÕwater mixtures
To interpret our results on polymers and colloids, knowledge about the direction of the thermodiffusion flux in the solvent mixture is required. A recent international study, in which a number of different measuring methods were compared, showed clearly that ethanol diffuses to higher temperatures, although uncertainties of the values were large because of the smallness of the effect. Figure 5 shows typical results for TDFRS measurements on boehmite dispersions. Figure 5͑a͒ shows the result of a measurement on a boehmite dispersion, containing 4.06% water by weight. The direction of the thermodiffusive flux can now be found as follows: Figure 5͑a͒ shows that the thermal contribution and the concentration contribution to the refractive index grating are in phase. (‫ץ‬n/‫ץ‬T) p,c i is negative as always. It seems reasonable to assume that (‫ץ‬n/‫ץ‬c 0 ) p,T, j 0 is positive, as the rotationally averaged refractive index of boehmite is n d 20 ϭ1.65, the refractive index of water is n d 20 ϭ1.333, and the refractive index of ethanol is n d 20 ϭ1.362. 22 Therefore, ⌬T positive implies a negative ⌬c ͓see Eq. ͑4͔͒, which is the same as saying that the thermodiffusive flux is directed to lower temperatures. Figure 5͑b͒ shows the result of a measurement on a boehmite dispersion containing 5.52% water by weight. Thermal and concentration contributions to the refractive index grating are clearly 180°out of phase. This implies that the thermodiffusive flux is in this case directed to higher temperatures. Further increase of the water content does not change this picture.
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B. Boehmite samples
The sign change of the thermodiffusive flux within a narrow composition range was qualitatively reproducible. Unfortunately, it proved to be very difficult to quantitatively reproduce the location of the transition. Moreover, because of the adsorption of quinizarin on the surface of the boehmite particles, it is not unlikely that upon irradiation by the laser beams the local temperature around the particles is higher than average. The transition phenomenon seems to be sufficiently interesting to deserve further study. Unfortunately the experimental difficulties kept us from doing so. A detailed experimental study would require a major change of the experiment by using, e.g., a laser wavelength in the absorption range of water so that no dye needs to be added.
The diffusion coefficients that follow from fitting Eq. ͑11͒ to the data are shown in Fig. 6 . It is seen that the diffusion coefficient of the boehmite rods in ethanol/water has a maximum. Using the values for (‫ץ‬n/‫ץ‬T) p,c i and (‫ץ‬n/‫ץ‬c 0 ) p,T mentioned in Sec. III C, the Soret coefficient S T and the thermal diffusion coefficient D T of boehmite rods in pure ethanol were calculated. It was found that S T ϭ0.14 K Ϫ1 , and D T ϭ7.2ϫ10 Ϫ9 cm 2 .s Ϫ1 .K Ϫ1 . Figure 2 shows the normalized heterodyne diffraction signal of a series of TDFRS measurements on poly͑ethylene oxide͒ samples in several ethanol/water mixtures. Samples contained 5% to 25% H 2 O by weight. The direction of the thermodiffusive flux can be found as before, taking into account that (‫ץ‬n/‫ץ‬T) p,c i is negative and (‫ץ‬n/‫ץ‬c 0 ) p,T, j 0 is positive. It turns out that the flux is directed to higher temperatures. This result is independent of solvent composition. The inset of Fig. 2 shows the result of a TDFRS measurement on poly͑ethylene oxide͒ in pure water. In this case (‫ץ‬n/‫ץ‬T) p,c is negative and (‫ץ‬n/‫ץ‬c) p,T is positive, implying that the flux is directed to lower temperatures, in agreement with results obtained by Kirkland using thermal field flow fractionation. 23 Pure ethanol at room temperature is a flocculant for poly͑ethylene oxide͒; therefore, experiments to determine the direction of the thermodiffusive flux in pure ethanol are difficult. Figure 7͑a͒ shows the diffusion constant D, calculated according to Eq. ͑13͒. Figure 7͑b͒ shows the thermal diffusion constant D T . It is seen that the error in D T is considerable, about 20%.
C. Poly"ethylene oxide… samples
The results of the static light scattering measurements on poly͑ethylene oxide͒ in ethanol/water as a function of solvent composition are summarized in Table I . Shown are the apparent molar mass M w,app , the radius of gyration R G , and the second virial coefficient A 2 . The molar mass, measured at m,H 2 O ϭ0.20, and the molar mass measured with GPC ͑see Sec. III A 1͒, agree within 5%, which is reasonable. The second virial coefficients A 2 are positive, indicating that ethanol/water mixtures are good solvents for poly͑ethylene oxide͒. In Fig. 3͑b͒ the refractive index increments (‫ץ‬n/‫ץ‬c) p,T, i are shown. It is seen that the contribution of preferential solvation to (‫ץ‬n/‫ץ‬c) p,T, i is limited to 6% or less.
From the apparent molar masses and Eq. ͑8͒, it follows that the contribution of preferential solvation to the refractive index increment (‫ץ‬c 1 /‫ץ‬c 0 ) p,T, j (‫ץ‬n/‫ץ‬c 1 ) p,T,c 0 is always negative. As (‫ץ‬n/‫ץ‬c 1 ) p,T,c 0 is positive when m,H 2 O Ͻ 0.20 ͓see Fig. 3͑c͔͒ , it follows that (‫ץ‬c 1 /‫ץ‬c 0 ) p,T, j is negative as FIG. 5 . ͑a͒ TDFRS signal of a boehmite dispersion containing 4.06% wt water. The temperature and concentration contribution to the refractive index grating are in phase. The boehmite particles move to lower temperatures. ͑b͒ TDFRS signal of a boehmite dispersion containing 5.52% wt water. In this case, the temperature and concentration contribution to the refractive index grating are 180°out of phase. This implies that with increasing water content the boehmite particles start moving to higher temperatures. well. This implies that poly͑ethylene oxide͒ is preferentially solvated by the component 2 ͑ethanol͒, though ethanol is the poorer solvent. However, it is known that preferential solvation cannot be understood on the basis of the solvation properties of the individual solvents, and that the size of the solvent molecules relative to each other and the affinity of the solvents for each other also plays a role. 16 Preferential solvation by the poorer solvent has been reported in literature, for example in the system poly͑methyl methacrylate͒/ benzene/methanol, 15 where methanol is the poorer solvent. In the binary solvent mixture ethanol/water at ethanol content higher than m,EtOH ϭ0.289, ethanol moves to higher temperatures, whereas water moves to lower temperatures. The poly͑ethylene oxide͒ coils are preferentially solvated by ethanol. Therefore, the thermodiffusive behavior of poly͑ethylene oxide͒ in ethanol/water can be understood qualitatively by the model of Van Asten, 3 which states that thermodiffusion of a polymer molecule in a solvent mixture is determined by the properties of the interface, preferentially solvated solvent-bulk solvent. However, the explanation in terms of an affinity gradient which was used by Rue and Schimpf, 2 may explain our results as well. However, it should be realized that what matters is not the affinity of the polymer for each solvent separately, but rather how preferential solvation changes with solvent composition. It would therefore be interesting to study thermodiffusion in systems like poly͑methyl methacrylate͒ in acetonitril/1-chlorobutane, as the preferentially solvating solvent changes with increasing acetonitril content from acetonitril to 1-chlorobutane. 16 Another interesting system would be poly͑ethylene oxide͒ in ethanol/water at low ethanol content, as it has been established that the sign of the Soret coefficient changes at m,EtOH ϭ0.289.
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Recent calculations carried out on the system poly͑ethylene oxide͒ in ethanol/water have yielded a deeper understanding of the thermodiffusive behavior of polymers in solvent mixtures. These calculations agree qualitatively with the experimental results, i.e., the bad solvent ethanol solvates the poly͑ethylene oxide͒, which moves to higher temperatures. Moreover, it was found that polymer thermodiffusion in a solvent mixture depends in a complicated way on the interactions of the three components simultaneously, and cannot be understood on the basis of simple models as proposed by Van Asten 3 and Rue and Schimpf. 2 The results of these calculations will be published elsewhere. 24, 25 
V. CONCLUSIONS
We present data on the thermodiffusive behavior of polymers and colloidal particles in ethanol/water mixtures. Data were measured using thermal diffusion forced Rayleigh scattering ͑TDFRS͒. The colloidal particles are ionically stabilized boehmite (␥-AlOOH͒ rods. The sign of the Soret coefficient of this system changes from positive to negative with increasing water content, i.e., at sufficiently high water content the colloidal particles move to higher temperatures. The polymer used in this study is poly͑ethylene oxide͒. The sign of the Soret coefficient was negative for all investigated ethanol/water mixtures, whereas in pure water PEO the sign is positive. To our knowledge this is the first time that negative and positive thermodiffusion has been observed for the same polymer.
The system poly͑ethylene oxide͒/ethanol/water was also investigated using static light scattering. This yielded the contribution of preferentially solvating solvent to the TDFRS signal, and therefore allowed the correct determination of the Soret coefficient. It was found that at high ethanol concentrations the preferentially solvating solvent is ethanol, in spite of this being the poorer solvent for poly͑ethylene oxide͒. This unusual solvation behavior illustrates the complexity of the interactions between the three components, which may also account for the observed sign change of the Soret coefficient in the polymer solvent mixtures. As in ethanol/ water mixtures in the investigated concentration range ethanol moves to higher temperatures as well, the behavior of poly͑ethylene oxide͒ can be understood by assuming a shell of preferentially solvating ethanol around the poly͑ethylene oxide͒ coil, which determines the direction in which the coil moves. Alternatively, a poly͑ethylene oxide͒ coil can be looked upon as if moving in a affinity gradient, established by thermal diffusion within the solvent mixture. The polymer molecule will then move into the direction of the thermodynamically favored preferentially solvating solvent shell composition.
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APPENDIX: SORET COEFFICIENT IN MULTICOMPONENT MIXTURES
In our data analysis a single thermal diffusion coefficient was used to describe the behavior of polymer molecules in a binary solvent mixture, subjected to a temperature gradient. However, it seems obvious that for the full description of thermodiffusion in a multicomponent mixture more than one coefficient is needed. In the literature, a number of conflicting approaches exists for the definition of thermal diffusion coefficients in multicomponent mixtures. 26 -29 In this Appendix we will develop an approach to the definition of thermal diffusion coefficients in multicomponent mixtures, which, in the case of a ternary system, is identical to the definition of Larre et al. 29 First, consider the simple case of a binary mixture of particles 1 and 2, subjected to a temperature gradient. Due to thermal diffusion we have two fluxes, J 1 and J 2 . Assuming continuity, the sum of fluxes should be zero, that is J 1 ϩJ 2 ϭ0. Each of the two fluxes should be proportional to the temperature gradient ‫ץ‬T/‫ץ‬x and to the concentration of particles c i . However, the definition of the thermal diffusion coefficient as J 1 ϭϪD T,i c i /(‫ץ‬T/‫ץ‬x) has the disadvantage that for each of the two components a different thermal diffusion coefficient is needed. This problem can be circumvented by using the following definition:
allowing the description of a binary system using one single thermal diffusion coefficient. The total thermal diffusion flux of a single component in a ternary mixture is the sum of a series of fluxes of the type J ij , describing the exchange of one component against the other due to their different thermal diffusive behavior 12 ϩJ 13 ϭϪD T, 12 c 1 c 2 ϪD T,13 c 1 As in the binary case it makes sense to define that each flux J ij is proportional to the product c i c j , thereby limiting the number of independent thermal diffusion coefficients needed to describe the ternary system to three. This result is identical to that of Larre et al. 29 It is important to notice that if one of the three concentrations is set equal to zero we recover the binary case, as we should.
If the system contains N components, the thermal diffusion flux of component i can be written as
For the full description of such a system 1 2 N(NϪ1) different thermal diffusion coefficients are needed. Furthermore, it is important to notice that this definition guarantees that the sum of all fluxes ͚ iϭ1 N J i ϭ0. In the approach of Kempers 26 the thermal diffusion flux of a component i is written as
This definition seems unnatural, as the requirement that the sum of all fluxes be zero does not follow directly from the definition of the fluxes, but merely imposes a restriction on the values and signs of the thermal diffusion coefficients. In our analysis of the data, the polymer thermal diffusion flux is approximated as J 0 ϭϪD T,0 c 0 (‫ץ‬T/‫ץ‬x). The thusdefined polymer thermal diffusion coefficient is therefore a weighted sum of two thermal diffusion coefficients 
